THREE-WHEEL VEHICLE WITH SWINGING MECHANISM 



BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a three-wheel vehicle provided with a 
swinging mechanism, which reduces costs and enhances ride comfort. 

2 . Description of the Related Art 
1 0 [0002] A three-wheel vehicle provided with a swinging mechanism in which right 

and left rear wheels are coupled via a shaft is known. For example, Japanese 

published examined patent application No. Sho58- 24310 discloses such a vehicle. 

Fig. 19 is a side view showing a conventional type three-wheel vehicle (such as shown 

in Japanese published examined patent application No. Sho58- 24310) provided with a 
1 5 swinging mechanism. A front frame 202 provided with one front wheel 20 1 and a 

rear frame 205 provided with right and left rear wheels 203, 204 are coupled via a pivot 

coupling device 206. 

[0003] The pivot coupling device 206 is composed of a housing attached to the front 
20 frame 202 and a pivot the front of which is rotatably attached to the housing and the 
rear of which is attached to the rear frame 205, and the front frame 202 can be rolled 
around a pivot axis 207 for the rear frame 205. 

[0004] Fig. 20 is a sectional view showing the rear of the conventional type 
25 three-wheel vehicle provided with the swinging mechanism and shows that one end of 
an intermediate shaft 212 is connected to a rear wheel shaft 21 1 to which one rear 
wheel 203 is attached via splines, the other rear wheel shaft 214 is attached to the other 
end of the intermediate shaft 212 via friction differential gears 213 and the other rear 



wheel 204 is attached to the rear wheel shaft 214. 

[0005] As shown in Fig. 19, the three-wheel vehicle is provided with the pivot for 
swinging the front frame 202 crosswise, however, the three-wheel vehicle is provided 
5 without a swinging shaft for vertically swinging the rear wheels 203, 204. When such 
a swinging shaft is provided, the number of parts is increased and the cost is increased. 

[0006] As the right and left rear wheels 203, 204 are integrated via the rear wheel 
shaft 211, the intermediate shaft 212 and the rear wheel shaft 214 as shown in Fig. 20, 

10 the rear wheel 203 is lifted upward when one rear wheel 203 runs on a convex portion 
of a road, for example. The effect is transmitted to the other rear wheel 204 via the 
rear wheel shaft 211, the intermediate shaft 212 and the rear wheel shaft 214, the rear 
wheel 204 is inclined, the rear frame 205 shown in Fig. 19 is rolled and the front frame 
202 is vertically moved by the roll Such configuration causes little trouble in a 

15 vehicle when the displacement is small; however, when the displacement of which is 
moderate or high and if the vehicle is moving quickly, an improvement in ride comfort 
is desired. 

[0007] The swinging shaft is separately provided on the right and on the left. A 
20 swing arm is respectively attached to these swinging shafts and the rear wheels 203, 
204 are attached to these swing arms. Thus, the right and left rear wheels are made 
independent and the vertical motion of one of the rear wheels 203, 204 has no effect 
upon the other However, since the swinging shafts are provided to the right and the 
left, the cost is increased. 

25 

[0008] An object of the invention is to reduce costs and provide enhanced ride 
comfort for a three-wheel vehicle provided with a swinging mechanism. 
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SUMMARY OF THE INVENTION 



[0009] In one aspect of the present invention, a rear suspension system for a vehicle 
is provided. The suspension system comprises right and left suspension arms, right 
5 and left linking mechanisms, a shock absorber with two ends, and a swinging 

mechanism. Each suspension arm is coupled to a frame of the vehicle and a wheel of 
the vehicle. The suspension arms are coupled to the frame so that the suspension arms 
are capable of independent movement. Each linking mechanism is coupled to the 
respective suspension arm. One end of the shock absorber is coupled via the 
10 respective linking mechanism to the right arm and the other end of the shock absorber 
is coupled via the respective linking mechanism to the left arm. The swinging 
mechanism is coupled to the right and left linking mechanisms and to the frame of the 
vehicle. The swinging mechanism is configured to provide a damping force to restrict 
rotation of frame of the vehicle. 

15 

[0010] In another aspect of the invention, the linking mechanism comprises right and 
left linking arms and right and left bell cranks. Each bell crank is coupled to an end of 
the shock absorber, the respective linking arm, and to the swinging mechanism. 

20 [00 1 1 ] In yet another aspect of the invention, each bell crank is coupled to the 
swinging mechanism via a connecting member, and the connecting member is 
pivotably coupled to the frame of the vehicle. 

[0012] In another aspect of the invention, a three-wheel vehicle with a suspension 
25 system is provided. The suspension system comprises a spindle extending in a 

longitudinal direction of the vehicle and attached to a body frame, the body frame being 
pivotably attached to the spindle. Right and left suspension arms are independently 
coupled to the spindle so that they are capable of pivoting about the spindle. Right 
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and left rear wheels are attached to a right and left side of the body frame via the 
respective suspension arms. A swinging mechanism is coupled to the body frame and 
configured to restrict lateral rotation of the body frame and provided between the 
suspension arms and the body frame. 

5 

[0013] In yet another aspect of the invention, a three-wheel vehicle with a suspension 
system is provided. The suspension system comprises spindle means extending in a 
longitudinal direction of the vehicle for allowing rotation about an axis defined by the 
spindle means, right and left suspension means for coupling right and left rear wheels 
10 to a right and left side of the body frame, and swinging means for restricting lateral 
swing of the body frame. The spindle means is attached to a body frame with the 
body frame being capable of pivoting about the spindle means. The suspension means 
is pivotably coupled to the spindle. The swinging means is coupled to the body frame 
and provided between the suspension means and the body frame. 

15 

[0014] In one aspect of the present invention, a three- wheel vehicle provided with a 
swinging mechanism in which right and left rear wheels are attached to the right and 
the left of a body frame via suspension arms so that the rear wheels can be vertically 
moved and the swinging mechanism for allowing the lateral swing of the body frame 
20 for the side of the suspension arm is provided between the side of the suspension arm 
and the side of the body frame. A spindle extended in a longitudinal direction of the 
body is attached to the body frame. The right and left suspension arms are 
independently attached to the spindle so that the suspension arms can be vertically 
swung and the spindle also functions as a swinging shaft for swinging the body frame. 

25 

[001 5] Each rear wheel can be independently vertically moved without lateral 
interference by supporting the right and left rear wheels by the spindle via the 
suspension arms mutually independent, compared with the conventional type in which 



the right and left rear wheels are coupled via an axle, for example. The ability of the 
right and left rear wheels to follow a road surface is increased, the roll of the body can 
be reduced and its ride comfort can be enhanced. 

5 [0016] As the right and left suspension arms are attached to the same spindle, the 
number of parts can be reduced, compared with a case that right and left suspension 
arms are attached to separate swinging shafts. Thus, the cost can also be reduced. 

[0017] Further, as the spindle also functions as a swinging shaft, the number of parts 
10 can be reduced, compared with a case that a spindle and a swinging shaft are separately 
provided, further reducing costs. 

[001 8] In another aspect of the present invention, a suspension arm is an A-type arm. 
As the suspension arm is A-type, the rigidity of the suspension arm can be enhanced 
15 and stability during operation can be enhanced. 

Brief Description of the Drawings 

[0019] Fig. 1 is a side view showing a three- wheel vehicle provided with a swinging 
20 mechanism according to the invention; 

[0020] Fig. 2 is a side view showing a main part of the three-wheel vehicle according 
to the invention; 

25 [0021] Fig. 3 is a plan view showing the three-wheel vehicle according to the 
invention; 

[0022] Fig. 4 is a plan showing the main part of the three-wheel vehicle according to 
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the invention; 

[0023] Fig. 5 is a first perspective view showing the three-wheel vehicle according to 
the invention; 

5 

[0024] Fig. 6 is a back view showing the three-wheel vehicle according to the 
invention; 

[0025] Fig. 7 is a second perspective view showing the three-wheel vehicle according 
10 to the invention; 

[0026] Figs. 8(a), 8(b), and 8(c) illustrate the swinging mechanism according to the 
invention; 

15 [0027] Fig. 9 is a third perspective view showing the three-wheel vehicle according to 
the invention; 

[0028] Fig. 10 is a plan view showing a body frame according to the invention; 

20 [0029] Fig. 1 1 is a back view showing a rear suspension according to the invention; 

[0030] Fig. 12 is a perspective view showing a state in which the respective fronts of 
the suspension arms according to the invention are attached; 

25 [003 1 ] Fig. 1 3 is a perspective view showing a state in which the respective rears of 
the suspension arms according to the invention are attached; 

[0032] Fig. 14 shows a first action of the rear suspension according to the invention; 
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[0033] Fig. 15 shows a second action of the rear suspension according to the 
invention; 

5 [0034] Fig. 16 shows a third action of the rear suspension according to the invention; 

[0035] Fig. 17 shows a fourth action of the rear suspension according to the 
invention; 

10 [0036] Fig. 1 8 shows a fifth action of the rear suspension according to the invention; 

[0037] Fig. 19 is a side view showing a conventional type three-wheel vehicle 
provided with a swinging mechanism; and 

15 [0038] Fig. 20 is a sectional view showing the rear of the conventional type 
three-wheel vehicle provided with the swinging mechanism. 

DETAILED DESCRIPTION OF THE INVENTION 

20 [0039] As used herein, the term "coupled" means any structure or method that may be 
used to provide connectivity between two or more elements, which may or may not 
include a direct physical connection between the elements. 

[0040] An embodiment of the invention will be described based upon attached 
25 drawings below. Fig. 1 is a side view showing a three-wheel vehicle provided with a 
swinging mechanism according to the invention. The three-wheel vehicle provided 
with the swinging mechanism 10 (hereinafter called the three-wheel vehicle 10) is 
composed of a front fork 12 steerably attached to a head pipe 11 via a steering shaft 
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(not shown), a front wheel 13 attached to the lower end of the front fork 12, a handlebar 
14 integrated with the front fork 12, a body frame 16 attached to the rear of the head 
pipe 1 1, a power unit 17 attached to the rear of the body frame 16, right and left rear 
wheels 21,18 driven by the power unit 17, a housing box 22 attached to an upper part 
5 of the body frame 1 6 and a seat 23 openably attached to an upper part of the housing 
box 22. 

[0041] The body frame 16 is composed of a down pipe 25 extended backward and 
diagonally downward from the head pipe 1 1, a pair of right and left lower pipes 27, 26 

10 extended backward from a lower part of the down pipe 25 and further, extended 
backward and diagonally upward, a center upper frame 28 coupled to the respective 
rears of these lower pipes 27, 26 a center pipe 31 extended backward from the down 
pipe 25 and coupled to the center upper frame 28 and a J-shaped frame 32 when it is 
viewed from the side coupled to the rear of each lower pipe 27, 26 and the rear side of 

1 5 the center upper frame 2 8 . 

[0042] The center upper frame 28 is a member for supporting the housing box 22 and 
suspending the power unit 1 7. 

20 [0043] The J-shaped frame 32 is a member for attaching a rear suspension that 

suspends the rear wheels 18, 21 and the swinging mechanism allowing a lateral swing 
on the side of the body frame 16 for the side of the rear suspension. The rear 
suspension and the swinging mechanism will be described in detail later. 

25 [0044] The power unit 17 is composed of an engine 34 arranged on the front side of 
the body and a transmission mechanism 35 that transmits the power of the engine 34 to 
the rear wheels 18, 21. 
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[0045] A reference number 41 denotes a front fender that covers the front wheel 13, 
42 denotes a battery, 43 denotes a blinker, 44 denotes a tail lamp, 46 denotes an air 
cleaner and 47 denotes a muffler. 



5 [0046] Fig. 2 is a side view showing a main part of the three-wheel vehicle according 
to the invention. Fig. 2 shows that the rear of the power unit 17 is supported by laying 
each coupling pipe 52, 52 (the inside coupling pipe 52 is not shown) between the 
J-shaped frame 32 and the center upper frame 28 to couple an upper part of the 
J-shaped frame 32 and the rear ends of the center upper frame 28, attaching each 

10 reinforcing plate 53, 53 to each coupling pipe 52, 52 and the center upper frame 28, 
attaching an L-type pipe 54 of substantially an L type when it is viewed from the side 
to the inside of the rear of the J-shaped frame 32, attaching brackets 56, 56 (the inside 
bracket 56 is not shown) to the center upper frame 28, attaching an upper part of the 
front of the power unit 17 to these brackets 56, 56 via an intermediate member 57 and 

15 extending a supporting rod 58 from the reinforcing plates 53, 53 downward and 

diagonally backward. Fig. 2 shows that the rear end of the power unit 17 is attached 
by extending a projection 61 from the front of the L-type pipe 54 forward. Reference 
numbers 32A, 32B, 32C denote a substantially horizontal lower horizontal part of the 
J-shaped frame 32, an inclined part at the rear end the upper end side of which is 

20 extended at the back of the lower end side and an upper inclined part the front end of 
which is higher than the rear end. 

[0047] Fig. 3 is a plan view showing the three-wheel vehicle according to the 
invention and shows that the rear of the J-shaped frame 32 is formed by one pipe and a 
25 rear suspension 63 (the details will be described later) is attached to the J-shaped frame 
32. A reference number 65 denotes a brake lever for the rear wheel and 66 denotes a 
brake lever for the front wheel. 
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[0048] Fig. 4 is a plan view showing a main part of the three-wheel vehicle according 
to the invention. Fig. 4 shows structure that suspension arms 71, 72 are attached to 
the right and the left of the J-shaped frame 32, holders (not shown) are attached to the 
ends of these suspension arms 71, 72, the rear wheels 18, 21 are rotatably attached to 
5 these holders and these rear wheels 18, 21 are driven by drive shafts 73, 74 extended 
from transmission mechanism 35 of the power unit 17. 

[0049] Reference number 76 denotes a shock absorber as resilient means composed 
of a damper 77 and a helical compression spring (not shown) and the shock absorber is 
10 coupled to the respective sides of the right and left suspension arms 72, 71 . 

[0050] The center upper frame 28 is a circular or a substantially elliptic member and 
the housing box 22 (see Fig. 1) having a substantially similar bottom is attached to its 
upper part. 

15 

[0051] The transmission mechanism 35 of the power unit 17 is composed of a 
belt-type continuously variable transmission 78 extended backward from the rear of the 
left of the engine 34 and a gear box 81 coupled to the rear of the continuously variable 
transmission 78, the drive shaft 74 is connected to the output shaft on the front side of 
20 the gear box 81 and the drive shaft 73 is connected to the output shaft on the rear side 
of the gear box 81. 

[0052] Fig. 5 is a first perspective view showing the three- wheel vehicle according to 
the invention and shows that the front of the J-shaped frame 32 is attached to the 
25 respective rears of the lower pipes 26, 27 of the body frame 1 6. A reference number 
83 denotes a holder (the inside holder 83 is not shown). 

[0053] Fig. 6 is a back view showing the three-wheel vehicle according to the 
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invention, the inclined part at the rear end 32B of the J-shaped frame 32 is a 
substantially perpendicular part in a state in which nobody rides on the three-wheel 
vehicle 10 and the rears of the suspension arms 71, 72 are attached to the inclined part 
at the rear end 32B. A reference number 85 denotes a rear swing shaft for swingably 
5 attaching the rears of the suspension arms 71, 72 to the inclined part at the rear end 
32B. 

[0054] Fig. 7 is a second perspective view showing the three-wheel vehicle according 
to the invention and shows the rear suspension 63 in which the suspension arms 72, 71 

10 are extended right and left from the J-shaped frame 32, the holders 83 are attached to 
the respective ends of these suspension arms 72, 71, arc-shaped links 89, 88 as a 
coupling means are swingably attached to the respective upper parts of the suspension 
arms 72, 71 via mounting brackets 87, 86, bell cranks 91, 90 as a coupling means of a 
substantially L type when they are viewed from the side are swingably attached to the 

15 respective ends of these arc-shaped links 89, 88, the shock absorber 76 is laid between 
the respective upper ends of these bell cranks 91, 90, a bar-shaped connecting member 
92 is laid between the respective ends of the sides of the bell cranks 91, 90 and the 
connecting member 92 is attached to the inclined part at the rear end 32B of the 
J-shaped frame 32 via the swinging mechanism 93. 

20 

[0055] The arc-shaped links 88, 89 are respectively provided with a side protruded 
part 95 in the middle and brake calipers 96, 96 for braking each swing of the arc-shaped 
links 88, 89 are attached to these side protruded parts 95. Reference numbers 97, 97 
denote a braking device provided with the brake caliper 96 and each disc 98, 98 is held 
25 between the brake calipers 96, 96 by oil pressure. The discs 98, 98 are members 
attached to the suspension arms 71, 72. A reference number 100 denotes a bolt that 
functions as each swinging shaft of the arc-shaped links 88, 89. 
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[0056] Each bell crank 90, 91 is composed of two crank plates 102, 102 and is 
provided with a first bolt 103 as a first fulcrum, a second bolt 104 as a second fulcrum 
and a third bolt 106 as a third fulcrum. A reference number 107 denotes a fourth bolt 
as a stopper pin for regulating the stretch of the shock absorber 76 and 108 (note that 
5 certain elements occur in plurality as shown in the figures) denote a nut screwed on the 
first bolt 103 to the fourth bolt 107. 

[0057] The swinging mechanism 93 is a member for allowing the rightward and 
leftward swings of the body frame 16 for the suspension arms 71, 72 in cornering, 
10 increasing reaction force with included elasticity as the inclination of the swing 
becomes large and returning the body frame to an original position. 

[0058] Figs. 8A to 8C are drawings that illustrate the swinging mechanism according 
to the invention, Fig. 8A is a side view (a partial sectional view), Fig. 8B is a sectional 
15 view viewed along a line b-b in Fig. 8 A and Fig. 8C shows action in Fig. 8B. 

[0059] As shown in Fig. 8A, the swinging mechanism 93 is so-called "Neidhart 
damper" composed of a case 1 1 1 attached to the inclined part at the rear end 32B of the 
J-shaped frame 32 and the rear of the L-type pipe 54, damper rubbers 112 housed in the 

20 case 1 1 1 , a pressing member 1 1 3 attached to the connecting member 92 for pressing 
these damper rubbers 112 and a through pin 116 which pierces the pressing member 
113 and the connecting member 92 and both ends of which are supported by an end 
support 114 provided to the L-type pipe 54 and the inclined part at the rear end 2B. 
Reference number 1 1 7 denotes an attachment provided to the pressing member 1 1 3 to 

25 bolt the pressing member 1 1 3 on the connecting member 92, and 1 1 8 denotes a swing 
regulator integrated with the end support 1 14 to regulate the swing of the connecting 
member 92. 
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[0060] As shown in Fig. 8B, the case 11 1 is a member including a left case 121 and a 
right case 122, a damper housing 123 is provided to the inside, the damper rubbers 1 12 
are arranged at the four corners of the damper housing 123 and are pressed by convex 
pressing parts 124 of the pressing member 113. 

[0061] As shown in Fig. 8C, the body frame 16 is swung on the left of the body (an 
arrow left in Fig. 8C shows the left of the body) for the connecting member 92 coupled 
to the side of the suspension arm, when the L-type pipe 54 is inclined by an angle 0, the 
case 1 1 1 of the swinging mechanism 93 is relatively revolved with the pressing 
member 1 1 3, the damper rubbers 1 1 2 housed in the case 1 1 1 are compressed between 
the case 1 1 1 and the pressing member 113 and reactive force that tries to return the case 
1 1 1 and further, the body frame 16 to each original position (each position shown in Fig. 
8A) generates. 

[0062] Fig. 9 is a third perspective view (diagonally viewed from the rear of the body 
frame) showing the three-wheel vehicle according to the invention and shows that rear 
fittings 127 for swingably attaching the respective rears of the suspension arms 71, 72 
(see Fig. 7) and front fittings 128 for swingably attaching the respective fronts of the 
suspension arms 71, 72 are provided to the J-shaped frame 32. 

[0063] The rear fittings 127 are composed of the inclined part at the rear end 32B and 
a vertical bracket 131 connecting the L-type pipe 54 and a lower horizontal part 32E 
(described later), and the rear swing shaft 85 (see Fig. 6) for supporting the respective 
rears of the suspension arms 71, 72 is attached to the inclined part at the rear end 32B 
and the vertical bracket 131. 

[0064] The front fittings 128 is composed of a front stand 133 and a rear stand 134 
which stand at an interval on the lower horizontal part 32E and a front swing shaft 136 
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for supporting the respective fronts of the suspension arms 71, 72 is attached to the 
front stand 133 and the rear stand 134. 

[0065] Reference number 138 denotes a fuel tank, 142 and 143 denote an engine 
5 mounting vibration insulating link for mounting the engine 34 on the body frame 1 6 
and 144 denotes a U-shaped pipe attached to a lower part of each rear of the lower 
pipes 26, 27 to attach the end of the lower horizontal part 32E of the J-shaped frame 32. 

[0066] Fig. 5 shows the embodiment that the front ends of the lower horizontal part 
10 32 A branched in a Y type are directly attached to the lower pipes 26, 27, however, Fig. 
9 shows another embodiment that the J-shaped frame 32 is composed of the lower 
horizontal part 32E branched in a Y type, the inclined part at the rear end 32B and an 
upper inclined part 32C and the front ends of the lower horizontal part 32E are attached 
to the lower pipes 26, 27 via the U-shaped pipe 144. 

15 

[0067] Fig. 10 is a plan showing the body frame according to the invention and shows 
that the lower horizontal part 32E of the J-shaped frame 32 is branched in a Y type 
halfway, the branched parts are coupled to the rear of the U-shaped pipe 144 and the 
coupling pipes 52, 52 are extended in a Y type from the upper inclined part 32C of the 
20 J-shaped frame 32 to the center upper frame 28. 

[0068] The lower horizontal part 32E (and the lower horizontal part 32A (see Fig. 5)) 
are formed by bending one long first pipe 151 halfway and connecting a second pipe 
1 53 to the vicinity of a bended part 1 52 of the first pipe 151. Reference number 1 54 
25 denotes a Y-type branched part acquired by connecting the second pipe 153 to the first 
pipe 151 and branching in a Y type, and 155 denotes a Y-type branched part acquired 
by connecting the coupling pipes 52, 52 to the upper inclined part 32C and branching in 
a Y type. 
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[0069] The first pipe 1 5 1 is a member including the inclined part at the rear end 32B 
and the upper inclined part 32C and is acquired by removing the second pipe 1 53 from 
the J-shaped frame 32. 

5 

[0070] The connection of the front of a lower part of the J-shaped frame 32 and the 
U-shaped pipe 144 can be enhanced by forming the lower horizontal part 32E in the Y 
type as described above and the connection of an upper part of the rear of the J-shaped 
frame 32 and the rear of the center upper frame 28 can be enhanced by arranging the 
1 0 coupling pipes 52, 52 in the Y type. The connection of the front of the lower part of 
the J-shaped frame 32 and the lower pipes 26, 27 can be enhanced by forming the lower 
horizontal part 32A in the Y type as shown in Fig. 5. 

[0071] Fig. 1 1 is a back view showing the rear suspension according to the invention 
15 and shows the rear suspension 63 in a state in which a rider rides the three-wheel 

vehicle. The inclined part at the rear end 32B and the upper inclined part 32C of the 
J-shaped frame 32 respectively shown in Fig. 9 are omitted. The right case 122 of the 
swinging mechanism 93 shown in Fig. 8B is shown by an imaginary line. At this time, 
the L-type pipe 54 of the body frame 16 is substantially vertical and the connecting 
20 member 92 is substantially horizontal. 

[0072] The connecting member 92 is a member provided with fan-type parts 1 56, 1 57 
to each of which each arc-shaped long hole 158, 159 is provided at both ends and the 
inclination angle of each bell crank 90, 91 with the connecting member 92 is regulated 
25 by piercing each fourth bolt 107, 107 as a stopper pin in each arc-shaped long hole 158, 
159. The inclination angle of the bell cranks 90, 91 varies depending upon the 
inclination angle of the suspension arms 71, 72, that is, quantity in which the rear 
wheels 18, 21 are vertically moved. In other words, the arc-shaped long holes 158, 



159 regulate the amount in which the rear wheels 18, 21 can vertically move. 

[0073] Fig. 12 is a perspective view showing a state in which the respective fronts of 
the suspension arms according to the invention are attached (arrows labeled as "front" 
5 in Figs. 1 2 and 1 3 shows a direction toward the front of the body). The end of each 
front of the suspension arms 71, 72 is turnably attached to the front swinging shaft 136 
so that the suspension arm 72 is located at the back of the suspension arm 71. 

[0074] The front swinging shaft 1 36 is a bolt piercing the front stand 1 33 and the rear 
10 stand 134 and a nut 161 is screwed at the end. 

[0075] Fig. 13 is a perspective view showing a state in which the respective rears of 
the suspension arms according to the invention are attached and shows that the end of 
each rear of the suspension arms 71, 72 is turnably attached to the rear swinging shaft 
15 85 so that the suspension arm 72 is located at the back of the suspension arm 7 1 . 

[0076] The action of the above-mentioned rear suspension 63 will be described 
below. 

20 [0077] Fig. 14 shows the first action of the rear suspension according to the 
invention. 

[0078] For example, when the left rear wheel 1 8 is moved upward by the amount of 
movement Ml from a state shown in Fig. 11, the suspension arm 71 is swung upward 
25 as shown by an arrow a with the rear swing shaft 85 and the front swing shaft 136 (see 
Fig. 9) in the center, hereby the arc-shaped link 88 is lifted as shown by an arrow b, the 
bell crank 90 is swung in a direction shown by an arrow c with the second bolt 104 as a 
fulcrum and the shock absorber 76 is pressed and contracted in a direction shown by an 
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arrow d. Hereby, the transmission of shock caused by the lifting of the left rear wheel 
18 to the side of the body frame 16 (see Fig. 10) is reduced. 

[0079] At this time, as the other suspension arm 72 is in the same state as that shown 
5 in Fig. 1 1 , the connecting member 92 is in a substantially horizontal state as in Fig. 1 1 . 

[0080] Fig. 1 5 shows the second action of the rear suspension according to the 
invention. 

1 0 [008 1 ] When the rear wheels 18,21 are both lifted by the amount of movement M2 
or the body frame 16 is lowered by the amount of movement M2 for the rear wheels 1 8, 
21 from the state shown in Fig. 11, the suspension arms 71, 72 are swung upward as 
shown by arrows f, f with the rear swing shaft 85 and the front swing shaft 136 (see Fig. 
9) in the center, hereby the arc-shaped links 88, 89 are lifted as shown by arrows g, g, 

15 make bell cranks 90, 91 swing in each direction shown by arrows h, h with the second 
bolt 104 as a fulcrum and press and contract the shock absorber 76 as shown by arrows 
j, j. As a result, buffer action is made by the shock absorber 76. 

[0082] Fig. 1 6 shows the third action of the rear suspension according to the 
20 invention. 

[0083] When the rear wheels 18, 21 are both lowered by the amount of movement 
M3 or the body frame 16 is lifted by the amount of movement M3 for the rear wheels 
18, 21 from the state shown in Fig. 11, the suspension arms 71, 72 are swung 
25 downward as shown by arrows m, m with the rear swing shaft 85 and the front swing 
shaft 136 (see Fig. 9) in the center, hereby the arc-shaped links 88, 89 are lowered as 
shown by arrows n, n, make the bell cranks 90, 91 swing in each direction shown by 
arrows p, p with the second bolt 104 as a fulcrum and extend the shock absorber 76 as 
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shown by arrows q, q. As a result, buffer action is made by the shock absorber 76. 

[0084] Fig. 17 shows the fourth action of the rear suspension according to the 
invention. 

5 

[0085] When the body frame 16, the L-type pipe 54 in this case is swung by an angle 
<|)1 on the left side of the body from the state shown in Fig. 1 1 , the connecting member 
92 coupled to the L-type pipe 54 via the through pin 1 16 is moved in parallel leftward 
as shown by an arrow s. Hereby, the arc-shaped links 88, 89 are inclined as shown by 
10 arrows t, t and the bell cranks 90, 91 are moved in parallel as shown by arrows u, u. 
As an interval between the third bolts 106, 106 of the bell cranks 90, 91 is unchanged, 
the shock absorber 76 is not extended/contracted. 

[0086] As at this time, the body frame 16 is swung for the connecting member 92, 
15 reaction force that tries to return the body frame 16 to the original position (that is, the 
position shown in Fig. 1 1) by the swinging mechanism generates as shown in Fig. 8C. 

[0087] As described above, the body frame 16 is swung with the front swinging shaft 
136 (see Fig. 12) and the rear swinging shaft 85 respectively swingably supporting the 
20 suspension arms 71, 72 in the center. As described above, the front swinging shaft 
136 and the rear swinging shaft 85 function as a swinging shaft for swinging the body 
frame 16. 

[0088] Fig. 18 shows the fifth action of the rear suspension according to the 
25 invention. 

[0089] When the rear wheel 1 8 is lifted by the amount of movement M4 and the body 
frame 16, the L-type pipe 54 in this case is swung by an angle <|>2 on the left side of the 
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body from the state shown in Fig. 1 1, the suspension arm 71 is swung upward as shown 
by an arrow v with the rear swing shaft 85 and the front swing shaft 136 (see Fig. 9) in 
the center and the connecting member 92 is moved leftward as shown by an arrow w. 
Thus, the arc-shaped link 88 is lifted and inclined leftward, the arc-shaped link 89 is 
inclined leftward as shown by an arrow x, the bell crank 90 is swung clockwise with 
the second bolt 104 as a fulcrum and is moved leftward, the bell crank 91 is moved 
leftward, and as a result presses and contracts the shock absorber 76 and creates a 
buffer action. 

[0090] As described in relation to Figs. 3, 12 and 13, for example, the three-wheel 
vehicle provided with the swinging mechanism 10 in which the right and left rear 
wheels 21, 18 are attached to the right and the left of the body frame 16 via the 
suspension arms 72, 71 so that the rear wheels can be vertically moved and the 
swinging mechanism 93 (see Fig. 1 1) for allowing the lateral swing of the body frame 
16 for the side of the suspension arms 72, 71 is provided between the side of the 
suspension arms 72, 71 and the side of the body frame 16, the front swinging shaft 136 
and the rear swinging shaft 85 respectively as a spindle extended in the longitudinal 
direction of the body are attached to the body frame 16. The right and left suspension 
arms 72, 71 are mutually independently attached to the front swinging shaft 136 and the 
rear swinging shaft 85 so that the suspension arms can be vertically swung and the front 
swinging shaft 136 and the rear swinging shaft 85 also function as a swinging shaft for 
swinging the body frame 16. 

[0091] Also, the rear wheels 21,18 can be independently vertically moved without 
lateral interference by supporting the right and left rear wheels 21, 18 by the front 
swinging shaft 136 and the rear swinging shaft 85 via the mutually independent 
suspension arms 72, 71, compared with a case that right and left rear wheels are 
coupled via an axle in the conventional type, for example. The ability of the right and 
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left rear wheels 21, 18 to follow the road surface is increased, thereby reducing roll of 
the body and enhancing ride comfort. 

[0092] As the right and left suspension arms 72, 71 are attached to the same front 
5 swinging shaft 136 and the same rear swinging shaft 85, the number of parts can be 
reduced, compared with a case where right and left suspension arms are attached to 
separate swinging shafts and the cost can be reduced. 

[0093] Further, as the front swinging shaft 136 and the rear swinging shaft 85 
10 function as a swinging shaft, the number of parts can be reduced, compared with a case 
where a spindle and a swinging shaft are separately provided, and costs can be further 
reduced. 

[0094] In addition, the suspension arms 71, 72 are the A-type arm as shown in Fig. 4. 
15 As the suspension arms 71, 72 are A-type, the rigidity of the suspension arms 71, 72 
can be enhanced and the operational stability can be enhanced. 

[0095] In the embodiment of the invention, the spindle is divided into the front 
swinging shaft 136 (see Fig. 12) and the rear swinging shaft 85 (see Fig. 13), however, 
20 the invention is not limited to this and the right and left suspension arms 72, 71 may be 
also swingably attached to one spindle. 

[0096] The invention produces the following benefits. For the three-wheel vehicle 
provided with the swinging mechanism, as the spindle extended in the longitudinal 
25 direction of the body is attached to the body frame, the right and left suspension arms 
are mutually independently attached to the spindle so that the suspension arms can be 
vertically swung and the spindle also functions as a swinging shaft for swinging the 
body frame. Thus, the rear wheels can be independently vertically moved without 
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lateral interference by supporting the right and left rear wheels by the spindle via the 
independent suspension arms, compared with a case that right and left rear wheels are 
coupled via an axle as in the conventional type, for example. The ability of the right 
and left rear wheels to follow the road surface is increased, the roll of the body can be 
5 reduced and the ride comfort can be enhanced. 

[0097] As the right and left suspension arms are attached to the same spindle, the 
number of parts can be reduced, compared with a case that right and left suspension 
arms are attached to separate swinging shafts, and the cost can be reduced. 

10 

[0098] Further, as the spindle also functions as a swinging shaft, the number of parts 
can be reduced, compared with a case that a spindle and a swinging shaft are separately 
provided, and the cost can be further reduced. 

15 [0099] Also, as the suspension arm is an A-type arm, the rigidity of the suspension 
arm can be enhanced and the operational stability can be enhanced. 

[0100] The present invention should not be considered limited to the particular 
examples or materials described above, but rather should be understood to cover all 
20 aspect of the invention as fairly set out in the attached claims. Various modifications, 
equivalent processes, as well as numerous structures to which the present invention 
may be applicable will be readily apparent to those of skill in the art to which the 
present invention is directed upon review of the instant specification. 



21 



